Abstract Spine stabilisation exercises, in which patients are taught to preferentially activate the transversus abdominus (TrA) during ''abdominal hollowing'' (AH), are a popular treatment for chronic low back pain (cLBP). The present study investigated whether performance during AH differed between cLBP patients and controls to an extent that would render it useful diagnostic tool. 50 patients with cLBP (46.3 ± 12.5 years) and 50 healthy controls (43.6 ± 12.7 years) participated in this case-control study. They performed AH in hook-lying. Using M-mode ultrasound, thicknesses of TrA, and obliquus internus and externus were determined at rest and during 5 s AH (5 measures each body side). The TrA contraction-ratio (TrA-CR) (TrA contracted/rest) and the ability to sustain the contraction [standard deviation (SD) of TrA thickness during the stable phase of the hold] were investigated. There were no significant group differences for the absolute muscle thicknesses at rest or during AH, or for the SD of TrA thickness. There was a small but significant difference between the groups for TrA-CR: cLBP 1.35 ± 0.14, controls 1.44 ± 0.24 (p \ 0.05). However, Receiver Operator Characteristics (ROC) analysis revealed a poor and non-significant ability of TrA-CR to discriminate between cLBP patients and controls on an individual basis (ROC area under the curve, 0.60 [95% CI 0.495; 0.695], p = 0.08). In the patient group, TrA-CR showed a low but significant correlation with Roland Morris score (Spearman Rho = 0.328; p = 0.02). In conclusion, the difference in group mean values for TrA-CR was small and of uncertain clinical relevance. Moreover, TrA-CR showed a poor ability to discriminate between control and cLBP subjects on an individual basis. We conclude that the TrA-CR during abdominal hollowing does not distinguish well between patients with chronic low back pain and healthy controls.
Introduction
In contemporary physiotherapy, spinal segmental stability exercises are a popular treatment in the rehabilitation of chronic low back pain (cLBP). Several systematic reviews have shown that this type of exercise represents an effective treatment approach, although it is not necessarily superior to other physiotherapeutic interventions [11, 23, 34] .
The rationale behind the treatment concept is that the segmental stability of the lumbar spine is controlled by deep-lying muscles, such as multifidi and transversus abdominis (TrA) that have an anatomical connection to the lumbar spine [43] . The relationship between anatomical structure and function has been described by Panjabi [32] : stability in a lumbar segment requires a coordinated interaction between the passive subsystem (osteoligamentous structures), the active subsystem (muscles) and the neural subsystem (central and peripheral nervous systems controlling the muscles). The muscles involved are either part of the global muscle system (large torque-producing muscles) providing general trunk stabilisation, or part of the local muscle system (small muscles directly attached to the lumbar vertebrae) responsible for providing segmental stability [2] . The importance of TrA in trunk stabilisation is further supported by the experimental investigations of Hodges et al. [16, 18, 19] , in which it was shown that the motor control function of this muscle was altered in LBP patients.
''Abdominal hollowing'' (AH) exercises are purported to assist in restoring motor control in LBP patients by retraining the voluntary activation of TrA, using selective low-level tonic contractions. Success in performing the exercises is given by the ability to activate TrA in preference to the more superficial abdominal muscles, obliquus internus (OI) and obliquus externus (OE) and/or rectus abdominus [1, 35, 41] . The ability to sustain the preferential TrA contraction represents an additional therapeutic aim: patients should ideally be able to hold the TrA contraction for 10 s during each of 10 repetitions in prone lying or four-point kneeling before progressing to more functional positions [36] . However, to date, mastery of this particular aspect of TrA function in patients with cLBP has rarely been examined.
AH is not only an exercise training modality; it is also used as a performance test, in which success is measured by appropriate pressure changes in a pressure biofeedback device (an air-filled reservoir) placed under the abdomen in prone lying [36] or by the degree of TrA muscle thickness change recorded on ultrasound [4, 7, 10, 12, 14, 20, 22, 40] . Using the biofeedback unit, two studies have reported significant differences in abdominal function between back-healthy controls and patients with chronic LBP [16] or ''lumbar symptomatic'' patients attending physiotherapy [6] . However, the use of the pressure biofeedback unit (PBU) as an assessment instrument has been questioned, since the measures obtained give only an indirect indication of TrA function and have shown poor reliability both between assessment days [39] and between raters [44] . At low levels of contraction, the extent of TrA thickening measured using ultrasound is reported to be a valid method of assessment compared with either fine wire electromyographic (EMG) measures of TrA activity [17, 27] or MRI indices of muscle thickness [15] . Two groups have used ultrasound to compare abdominal muscle thickness changes of healthy controls and patients with cLBP during AH: Gorbet et al. [12] found no significant difference between the groups in their ability to activate TrA, whereas Critchley and Coutts [7] showed a significantly reduced ability in the patient group compared with controls. However, they did not report the corresponding diagnostic accuracy of the test for predicting group membership on an individual basis.
A number of studies have documented good reliability for static measures of resting abdominal muscle thickness [5, 7, 29] [17, 25] . The use of indices expressing the thickness ratio of the relaxed and contracted TrA has further contributed to the quantification of TrA function [41] , and such indices have been shown to yield reliable between-day measures in both control subjects and in patients with cLBP [25] . To measure muscle dimensions, bright (B)-Mode ultrasound is usually used, with muscle thickness being measured using on-screen callipers [7, 21, 22, 29, 41, 42] . However, by applying moving (M)-Mode ultrasound, a depth versus time chart can be displayed, permitting the measurement of thickness changes over time [5] . This allows investigation of the ability to sustain the TrA contraction and to examine whether this aspect of function shows any impairment in patients with cLBP.
The aim of the present study was to use M-mode ultrasound to investigate whether the extent of TrA thickness change and the variability in TrA thickness during performance of AH differed between healthy controls and patients with cLBP to an extent that would render these measures useful diagnostic tools.
Methods

Subjects/patients
The patients were recruited from the local University Hospitals as well as through an advertisement in the local newspaper. The healthy controls were recruited through the same advertisement as the patients and flyers placed in the local universities and by invitation amongst friends and colleagues. 135 subjects were pre-screened during a telephone interview in an attempt to match 50 of them to the collective of 50 LBP patients with respect to gender, age (±10 years), body height (±10 cm) and weight (±10 kg).
The control subjects had to have been LBP-free for at least the past year and have had no history of LBP requiring a visit to the doctor or time off work. The inclusion criteria for the patient group were persistent LBP with or without referred pain (of a non-radicular nature) for at least 3 months, serious enough to cause absence from work or solicit medical attention; average pain intensity over the past 2 weeks C3 and B8 on a 0-10 graphic rating scale and willingness to comply with the study protocol. Exclusion criteria included constant or persistent severe pain ([8/10); non-mechanical LBP; neurological symptoms; severe spinal instability (spondylolisthesis grade 3 or higher); osteoporosis (height loss of C4 cm since the age of 20); structural deformity (rigid scoliosis in clinical examination, flexion movements); systemic inflammatory disease; unstable metabolic disease or any other corresponding disorders preventing active rehabilitation; previous spinal fusion; severe cardiovascular disease (NYHA III and IV); acute infection; recent (in the last 3 months) major abdominal surgery; lack of co-operation; uncontrolled alcohol or drug abuse and unstable psychopathological diseases. A further exclusion criterion for both groups was pregnancy (or pregnancy within the past 2 years). The study was approved by the local medical ethics committee. All suitable participants received verbal and written information about the test procedure and gave their signed informed consent to participate.
Prior to the ultrasound assessment, subjects completed a short questionnaire comprising questions on demographics. In addition, those with cLBP completed questions on general health, pain (0-10 graphic rating scale for pain in the last week, on average and at worst) and disability due to low back pain (Roland Morris disability questionnaire [9, 37] ).
Measurements
Prior to testing, subjects received instructions on how to perform AH contractions. Emphasis was given to slowly and gently bringing the belly button in towards the spine, thereby hollowing the abdomen, and to hold this stable while continuing to breathe normally. The exercises were performed in a comfortable supine position; for further details of the specific test procedure see Mannion et al. [25] . For the ultrasound recordings a Philips HDI 5000 with a linear array transducer (L12-5 MHz, 38 mm, SN 01NPTV, Philips Medical Systems, Zürich, Switzerland) with an additional TDI application was used. A custommade high-density foam enforced belt was used to ensure accurate and hands-off application of the ultrasound transducer. To ensure good signal transmission, a 130 9 120 9 10 mm gel stand-off pad (Sonar-Aid, Alloga AG, Burgdorf, Switzerland) and transmission gel were placed between the transducer head and skin. The transducer was positioned under ultrasound guidance in B (brightness)-mode, midway between the costal margin and the iliac crest along the anterior axillary line and finally adjusted to ensure that, at rest, the fascial borders of the three muscles (TA, OI and OE muscles) appeared parallel on the screen.
After this, five AH exercises were performed on each body side (starting with the right or left side at random). During the actual measurement trials, the subjects were not allowed to see the ultrasound images and they received no verbal feedback.
Data processing
All analyses were made off-line, with the investigators blind to the subject's group-membership. The leading edge points (i.e., on the upper border) of the fascia of the OE, OI and TrA, and the lower fascia of the TrA muscle were marked as manually selected control points at regular intervals throughout the M-mode image (white dotted bars in Fig. 1 ). A custom-written plug-in of the HDI-Lab software (version 1.9 ATL/Philips Medical Systems, Bothell, WA, USA) was then used to automatically track the borders between adjacent control points, relying on the TDI velocity information to derive the displacement of a given point between two adjacent M-mode columns (displacement being equal to tissue velocity multiplied by the time difference between adjacent M-mode columns) [25] . The distance between the top and bottom fascial lines for each M-mode column gave a measure of the thickness of the muscle over time, and this was saved as text data.
The text data were imported into a custom-written LabView software programme to determine the resting thickness of TrA, OI and OE (given by the 1 s value during quiet rest, just before the test contraction began) and the maximal thickness of TrA over any given 3-s period during the voluntary contraction (area between the dotted vertical bars; Fig. 2 ). The thicknesses of OI and OE at the point of maximum TA thickness were selected automatically and the appropriateness of the selected area was confirmed by visual inspection.
From the above data, the following indices were determined, as previously described by Teyhen et al. [41] :
1. TrA contraction ratio = TrA thickness contracted/TrA thickness at rest 2. OE ? OI contraction ratio = OE ? OI thickness contracted/OE ? OI thickness at rest 3. TrA preferential activation ratio (difference in the TrA proportion of the total lateral abdominal muscle thickness in going from the relaxed to the contracted state) = (TrA contracted/TrA ? OE ? OI contracted) -(TrA at rest/TrA ?OE ? OI at rest)
To examine the ability of the subject to sustain the TrA contraction, the standard deviation of the mean muscle thickness recorded over each 3-s maximal contraction period was determined.
Data analysis/statistics
Continuous data are presented as means with standard deviations (SD) or 95% confidence intervals (CI), and categorical data, as frequencies. Differences between group mean values for continuous variables were examined with independent Student t-test; Chi-square contingency tests were used to examine group differences in categorical variables.
The primary dependent variable of interest was the TrA contraction ratio, since this has been shown to be a relevant measure that can be reliably measured [12, 25, 41] . To capitalise on the repeated measurements taken per subject and body side (median value of 10 trials per subject, in total), linear mixed effects models (LMM) were used to describe the association between TrA contraction ratio and its potential predictors (group membership plus other possible confounders). Group membership (controls/ cLBP patient) was treated as a random factor for which individual intercepts were fitted. Furthermore, individual intercepts were fitted for the random factor body side, which was treated as nested within ''subject''. Logtransformation of the TrA contraction ratio data was necessary to fulfil the assumptions of normal distribution of residuals [3] . After model fitting, the residuals and leverages were inspected for violations of model assumptions using potential-residual plots. Estimates of the higher posterior density (HPD) lower and upper boundaries of the 95% CI and the p values of the hypothesis tests (which indicate whether the corresponding coefficient estimates are significantly different from 0) were calculated with 100,000 Markov chain Monte Carlo samples. First, a simple model was built with group The distances between fascial borders were derived by means of a semi-automatic approach, based on manually selected control points (white dotted vertical bars) plus tissue Doppler velocity information to track the borders between adjacent control points (shown here for TrA, transversus abdominis, as thick white lines bordering the muscle). Note: for clarity, all markings are shown with thicker line-widths than those used for the actual analysis process. No time or depth scales were displayed on the M-mode image during digitization; however, the image represents approximately 4 s worth of data (x-axis) (*1.5 s of rest and *2.5 s of abdominal hollowing) with a total scan depth of *37 mm (y-axis). ST subcutaneous tissue; OE obliquus externus; OI obliquus internus; AC abdominal contents membership (cLBP, control) as the only explanatory variable (this corresponds to the linear model underlying the t-test results shown for group mean differences). Second, an extended model was built with the additional and potentially confounding explanatory variables sex (male vs. female), age, weight, height, body mass index (BMI), incontinence, sport. This model results in an estimate of the coefficient for ''group membership'', which is adjusted for the additionally included variables. Noting that the simple model is nested in the adjusted model, goodness-of-fit of the two models was compared with a likelihood-ratio test and the two information criteria, Akaike's information criterion (AIC) and Bayesian information criterion (BIC).
The diagnostic performance of the TrA contraction ratio (i.e., its ability to discriminate between groups) was examined using the Receiver Operating Characteristic (ROC) curve. The relationship between TrA-ratios and Roland Morris disability scores was examined using Spearman rank correlation analysis. For these two analyses, the ten repeated muscle thickness measures for a given person were averaged.
Power calculations (MedCalc Statistical Software, Mariakerke, Belgium) revealed that, with a minimum of at least 41 patients in each group, the probability was 80% that the TrA contraction ratio would be able to discriminate between the groups with a two-sided 5.0 per cent significance level, if the true area under the ROC curve (AUC) was 0.75 (fair-good accuracy in discrimination).
The statistical analyses were carried out using the statistical package SPSS version 17.0 for Windows (SPSS, Inc., Chicago IL, USA) and R (R Development Core Team 2008, Vienna, Austria). Statistical significance was accepted at the 5% level. All statistical tests were twotailed.
Results
Group demographics and characteristics of the two groups
The demographic and personal characteristics of the two groups are shown in Table 1 . There were no significant differences between them for gender distribution, age, height, weight, side-dominance, medical history of abdominal or gynaecological surgery, prior familiarity with segmental stability exercises or work posture (sitting/ standing vs. moving around). In contrast, there were statistically significantly differences (p \ 0.05) for BMI, urinary incontinence and their participation in sport (Table 1) .
Pain and disability levels in the cLBP group
The median values for pain intensity in the cLBP patients were, for average pain, 5 (interquartile range (IQR), 4-6), and for maximal pain, 7 (IQR, 5-8); the median Roland Morris disability score was 9 (IQR, 5-12) ( Table 2 ).
Absolute muscle thicknesses and contraction ratios There were no significant differences (p [ 0.05) between the groups for any of the absolute abdominal muscle thicknesses at rest or during AH (Table 2) . Similarly, there were no significant group differences (p [ 0.05) in the ability to sustain the contraction, as given by the SDs of the mean thickness values measured during hollowing ( Table 2 ). The group mean TrA contraction ratio was slightly but significantly higher in the control group (for more detailed analysis, see below), but neither of the other contraction ratio variables showed any significant group differences ( Table 2) . Tables 3 and 4 show the results of the fixed effects of the simple and adjusted LMM, respectively. The simple model indicated that the cLBP patients had a significantly lower log(TrA ratio) compared with the healthy subjects (p = 0.005; Table 3 ). However, adjustment for seven additional variables in the extended model reduced this effect to a trend (p = 0.098; Table 4 ). With the exception of age, which was positively associated with log(TrA ratio) in a marginally significant way, the other variables did not have coefficient estimates significantly different from 0 ( Table 4) . The likelihood ratio test comparing the goodness-of-fit of the two models, and the lower AIC and BIC values, clearly favoured the extended model (Table 5) .
ROC curve for distinguishing between groups based on TrA contraction ratio
The AUC was 0.60 [CI 0.50-0.70] (SE 0.056) and just failed to reach significance (p = 0.07; Fig. 3 ), indicating that the TrA contraction ratio was not able to classify individuals into their respective groups (healthy control or cLBP patient) any better than could be done by chance alone (=an AUC of 0.50; Fig. 3 ).
Relationship between TrA contraction ratio and Roland Morris disability score
There was a low but significant negative correlation between the Roland Morris disability scores and the TrA contraction ratio scores (Rho = -0.328; p = 0.02; Fig. 4) : the greater the self-rated disability the lower the TrA contraction ratio.
Discussion
The main aim of the present study was to use M-mode ultrasound to investigate whether the degree of TrA thickness change during performance of AH exercises differed between healthy controls and patients with cLBP, to an extent that would render it a useful diagnostic tool. Whilst a significant difference in group mean values for TrA contraction ratio was observed, it was small and of uncertain clinical relevance, and the index showed very poor ability to discriminate between control subjects and those with cLBP on an individual basis.
To allow a valid comparison of TrA function between the groups [26] , special attention was paid to ensuring that the anthropometric characteristics of the patients and the healthy controls were well matched. However, during subject recruitment it proved to be challenging to find matching controls with correspondingly high body weights and BMI. Hence, regardless of the satisfactory matching for body height and weight the patient group still had a The estimate for group membership shows how much the log(TrA ratio) is expected to differ on average between patients with cLBP and healthy controls The estimates show how much the log(TrA ratio) is expected to change if a factor is increased by 1 unit. Example: an increase in weight of 10 kg corresponds to a decrease in the log(TrA ratio) of -0.037
slightly but significantly greater mean BMI than the control group. Higher BMI is typical of cLBP populations [13, 24] and together with the other between-group differences in involvement in sport, might have reflected a more sedentary lifestyle in the patient group than the controls. Since matching was not able to fully ensure group comparability, a multivariable model was used to investigate the effect of group membership whilst accounting for potential confounders. Similar to previous findings, incontinence problems were also more frequent in the cLBP group than in the control group [8] . Although a synergistic response between abdominal and pelvic floor muscles has been reported [30, 38] , there was no clear association between diminished AH performance and incontinence in the present study. Indeed, in our linear mixed effect model analysis this factor did not contribute significantly to explaining individual differences in TrA contraction ratio.
To ensure that the abdominal muscle performance of the subjects was not influenced by their lack of understanding of the AH exercise, all subjects received a short exercise instruction and were given the opportunity to practice with real-time ultrasound feedback before the actual measurements were made. Using ultrasound as a feedback instrument has been reported to decrease the number of practice trials required for correct performance of AH [14] . Hence, it was considered to be a means of ensuring good instruction and simultaneously preventing unnecessary fatigue. In similar investigations, Critchley et al. [7] , Gorbet et al. [12] and Kiesel et al. [21] reported slightly larger TrA-contraction ratios of 1.50, 1.52 and 1.48, respectively, for their healthy subjects compared with the value of 1.43 for the controls in the present study. In all of these previous investigations, measurements were performed using B-mode rather than M-mode ultrasound. However, McMeeken et al. [27] reported no significant difference in TrA thickness measures related to the use of different transducers or modes of ultrasound under resting conditions, and hence this is unlikely to explain the differences. A more likely source for the differing values might be the different approaches used to make the thickness measures. In the present investigation the highest mean value over any given 3-s period was considered as ''the maximum'', to avoid any transient peaks given by the instantaneous maximum and on the basis that we would also gain information on the ability to steadily sustain the contraction. The highest value over a 3-s contraction would per se be expected to yield slightly lower maximum values than the maximum instantaneous thickness. Roland Morris Disability score Based on the theory underlying the prescription of the exercises [35] and on the encouraging reports from other similar investigations [7, 10, 16] we expected to find a larger between-group difference concerning TrA function measured by ultrasound. From our preliminary investigations [33] , we did not expect to find TrA-dysfunction in all cLBP subjects, but the results obtained were still rather unexpected. The group difference in TrA-ratio, though statistically significant, proved to be relatively small and was reduced to a non-significant trend when confounding variables were also considered. In the present study the patients achieved a TrA contraction ration of 1.35, compared with a value of 1.19 in the study of Critchley and Coutts [7] (with mean values for the control groups being 1.43 and 1.50, respectively, in the two studies). Factors such as different initial positions during the measurement (supine hook lying (present study) vs. 4-point kneeling) [7] , or (unknown) differences in the practice or instructions given to participants might have contributed to the differences between the studies, although it is difficult to explain why any such differences in methodology would have elicited a greater effect on the performance in the patients than in the controls. In one study, a strong linear correlation was reported between the thickness changes of TrA measured by ultrasound and the corresponding TrA EMG activity as a per cent of maximum up to 100% EMG activity, indicating that it was a valid and sensitive measure of muscle activity [27] . In contrast, in a small study of three healthy males, Hodges et al. [17] showed that thickness measures made using ultrasound accurately reflect the intensity of contraction but only at relatively low levels (up to 20% of maximal voluntary contraction). Such a nonlinear change in muscle thickness during a contraction (i.e., no further increase in thickness despite increasing EMG muscle activity) could potentially lead to a type of ceiling effect for the measurement of TrA thickening. Put simply, it may mean that ''good'' and ''extremely good'' performances may not be distinguishable, thereby limiting the ability of ultrasound to differentiate adequately between ''well-performing patients'' and ''even better-performing controls''. Such an effect was, indeed proposed as an explanation for the lack of improvement in TrA contraction ratio seen in patients after ultrasound biofeedback training [41] . It is also possible that, since the test in supine lying does not represent much of a challenge to spinal stability, it might not always detect underlying TrA dysfunction. O'Sullivan described a clinical presentation of directionspecific impairment of spinal stability associated with a dysfunction of the local muscle system [31] . The advantage of our chosen test set-up (a comfortable supine position with a soft support under the knee) was that it allowed measurement even in patients presenting with pain or fear of movement and could be adequately standardized.
However, the assessment of AH in positions that better challenge lumbar stability [42] or employ more functional positions such as standing [28] might be better equipped to reveal any impairment in TrA dysfunction. Nonetheless, though sub-group analyses were not part of her main study design, Mew [28] failed to see any notable difference in performance in individuals with a history of LBP compared with controls, whether tested in 4-point kneeling or in standing, and neither were group differences seen in supine lying or 4-point kneeling positions in the recently published study of Gorbet et al. [12] . Overall, it would appear that an impaired ability to activate the TrA in groups of patients with LBP is neither a consistent nor notable finding.
The previous study that reported significant differences between the ultrasound-determined mean TrA contraction ratios of LBP patients and controls [7] did not examine the accuracy of this index to predict group membership on an individual basis. The only studies that have assessed the potential of AH performance in classifying subjects with and without LBP have used the pressure changes measured with a PBU to reflect TrA function. Based on the values measured in 15 subjects, Hodges et al. [16] reported that 80% of the subjects could be correctly categorized as belonging to LBP or non-LBP groups. However, these results have never been replicated by other researchers: Cairns et al. [6] classified 45 patients based on PBU measures during AH and reported either 68 or 60% accuracy in correctly classifying patients as being either ''lumbar symptomatic'' or not, depending on the specific criteria applied. The use of a different measuring instrument, with its own inherent limitations [39, 44] , somewhat limits the comparison with the findings of the present investigation. However, in the ROC analysis in the present study, the AUC for the TrA-contraction ratio was just 0.60 [CI 0.50-0.70], which just failed to reach statistical significance (p = 0.07) and was only slightly better than chance (0.5 is equivalent to a non-predictive or random classifier). The AUC was well below our a priori estimate of what would constitute a clinically relevant value, and hence we were unable to conclude that the outcome of the AH test represents a suitable means of distinguishing between cLBP and healthy subjects.
No indication was found during the present investigation to suggest that, compared with the healthy controls, the ability to sustain the TrA contraction during AH was impaired in cLBP patients. The SD for the muscle thickness measured during the contraction was implemented as a simple, pragmatic means of gaining some additional information on this potentially important factor. In clinical practice, some patients appear to have difficulty retaining the preferential TrA contraction whilst maintaining a regular breathing pattern; in the ultrasound image, an inability to sustain the contraction is seen during expiration. If this had been the case in the present study, it might have been reflected in a more variable thickness over the hold period for the cLBP patients. Whilst it is possible that such an effect was not detected because measurements were not limited to the expiration sequence, we consider this unlikely. During data collection, emphasis was given to establishing a correct breathing pattern and subjects received explicit instructions to maintain the contraction during expiration. We hence interpret the findings as showing that the cLBP patients also performed just as well as the controls in their ability to sustain the TrA contraction during AHO.
The low but significant negative correlation between the Roland Morris disability scores and the mean values for the TrA ratio indicated that more severe disability was associated with a poorer AH performance. The relationship was not particularly strong (shared variance, 8%), suggesting that impaired performance during AH is not a consistent determinant or consequence of cLBP-associated disability (with the correlational nature of the relationship precluding conclusions regarding causality or consequentiality). Nonetheless, it did provide some suggestion of an association between AH dysfunction and difficulties in performing everyday activities in cLBP. Whether the findings reflect a general disuse phenomenon or are specific to cLBP requires further investigation.
In summary, our findings suggest that cLBP is weakly associated with a lesser ability to voluntarily activate TrA during AH. Further, the greater the self-rated disability in patients with cLBP, the more the voluntary activation of TrA is compromised. However, the magnitude of these effects was rather small and they were influenced by other confounding variables, and we hence consider them to be of limited clinical relevance. There was no indication that the ability to sustain a steady TrA contraction was impaired in the cLBP patients investigated. The TrA ratio during AH was not considered to be a suitable means to discriminate between cLBP and healthy subjects.
